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Abstract 

We apply the standard technique of Null Melvin Twist to the non-extremal (Dl, 
D3) bound state configuration of type IIB string theory. Under a particular decou- 
pling limit, such configuration represents the gravity dual of the non-relativistic, 
non-commutative Yang-Mills theory at a finite temperature. We then use the 
AdS/CFT and the string probe approach to compute the drag force on an external 
quark moving through such a hot non-relativistic, non-commutative YM plasma. 
We discuss various limiting cases to show the interplay between the non-relativistic 
as well as the non-commutative effect of the general drag force expression. 
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Introduction 





The AdS/CFT correspondence (or its generalizations) [IH1] holographically relates weakly 
coupled string theory in a particular background to a strongly coupled ('t Hooft coupling 
A = gy M N ^> 1) relativistic conformal field theory (or gauge theory). This is useful as 
it gives a computational handle on the otherwise hard to access strongly coupled gauge 
theory from supergravity. Indeed, such a strong-weak duality has been, in recent years, 
proved to be instrumental for a better understanding of various transport properties of 
certain strongly coupled systems like quark gluon plasma (QGP) produced in heavy ion 
collision (for reviews see [5H9]). Apart from nuclear physics strongly coupled CFT's also 
appear in atomic and condensed matter physics and more recently the holographic ideas 
have been applied to these systems as well. For example, peculiar strong coupling behavior 
like quantum Hall effect, Nernst effect, high temperature superconductors, and quantum 
phase transitions in certain strongly correlated electron systems can be understood at 
least qualitatively by using the holographic dual descriptions involving gravity [T0HT8] . 

In the examples mentioned above the CFT's were mainly of relativistic in nature. How- 
ever, for the application to most condensed matter systems, it is useful to find holographic 
descriptions of CFT's which are non-relativistic [i~9l42~T] . These systems sometimes can be 
produced in the laboratory and indeed there exist such a strongly coupled non-relativistic 
system, namely, the cold fermions at unitarity (for review see [22]) which can be under- 
stood using gravity/NRCFT correspondence, if the proper gravity dual for this system 
can be found [23H26] . Motivated by the possible realizations of strongly coupled CFT's 
in the laboratory there have been attempts to construct the gravity duals in the form of 
non-relativistic branes in string theory [27] . The near horizon geometry of these branes 
will have the isometry same as the non-relativistic conformal (Schrodinger) symmetry of 
the boundary theory and using the gravity/NRCFT correspondence one can get a handle 
on the non-relativistic strongly coupled CFT from the weakly coupled string theory or 
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gravity. 

In this paper we construct the non-relativistic non-extremal (Dl, D3) bound state 
solution of type IIB string theory. We will use the standard procedure of Null Melvin 
Twist [251428] to construct such a solution. A particular low energy limit, known as the 
decoupling limit, of a stack of coincident (Dl, D3) brane bound state system gives rise 
to a non-commutative Yang- Mills (NCYM) theory on the boundary [29H3T] . It is known 
that the Dl-branes in the world- volume of D3-branes in the decoupling limit produces 
a large magnetic or B-field asymptotically and this is the source of a space-space non- 
commutativity in the world- volume directions of D3-brane [29J. The same decoupling 
limit for the stack of coincident non-relativistic (Dl, D3) bound state system will give 
rise to a non-relativistic, NCYM theory on the boundary. We will compute the drag 
force j5j[32] experienced by an external quark moving through this background of hot 
non-relativistic, NCYM plasma. In this picture an external quark is represented by the 
end point of a fundamental string attached to the boundary carrying a fundamental charge 
under a gauge group and is infinitely massive [33H36] . The external quark loses its energy 
as the string attached to it trails back and imparts a drag force on it. We will compute 
this drag force when the quark moves along one of the non-commutative directions for 
a sufficiently long time. We find that when the boundary theory is both non-relativistic 
and non-commutative, it is difficult to write the expression of the drag force in a closed 
form. So, we will get the expression in various limiting cases to show the interplay of 
the non-relativistic and non- commutative effect. When the parameter characterizing the 
non-commutativity is small, we find that there is no upper bound for the velocity. On 
the other hand, when the non-commutativity parameter is large the velocity of the quark 
can not be arbitrarily large in contrast to what is expected of a non-relativistic theory. 
We will express the drag force in terms of the parameters of the YM theory, namely, the 
't Hooft parameter, the temperature, the chemical potential and the non-commutativity 
parameter in the various limiting cases. Finally, we will formally integrate the drag force 
expression to compute the momentum or energy loss [32J of the quark moving in the hot 
non-relativistic NCYM theory. 

This paper is organized as follows. In the next section we discuss the Null Melvin 
Twist on the non-extremal (Dl, D3) bound state system of type IIB string theory and 
also the decoupling limit. In section 3, we calculate the drag force on a heavy quark 
moving through the hot non-relativistic NCYM plasma and discuss the various limits to 
understand the general drag force expression in the various corners of the solution space. 
We conclude in section 4. 
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2 Null Melvin Twist on non-extremal (Dl, D3) bound 
state solution 



The non-extremal (Dl, D3) bound state configuration of type IIB string theory is given 

as 



ds 2 = H~* 



-f(dx ) 2 + (dx 1 ) 2 {(dx 2 ) 2 + (dx 3 ) 2 ) 



+ H 1 * [f-V + ^dnl] 



B[ 2 ] = tan9F 1 dx 2 A dx 3 , A [2 ] = — -sin0coth<£>F 1 dx° A dx 1 

1 . . (K s 

9s 

where the various functions appearing in the solution (PQ) are defined as, 



•[5] 



cos 9 coth tp (^pj drH^dx A dx 1 A dx 2 A dx 3 A dr (1) 



= 1 _ r| ^ = 1 + 4 sinh 2 y? ^ = x + r o cos 2 flsinhV 

Note that the metric in the above is given in the string frame. The dilaton <p is non- 
constant and g s is the string coupling. The 5-form field strength^ and Ap] tell us the 
presence of D3 and Dl branes in the solution respectively. The non-zero NSNS Bp] field 
is due the non-threshold nature of the bound state (Dl, D3). It is clear from the solution 
([rj that D3-branes are lying along x 1 , . . . , x 3 , whereas Dl-branes are lying along x 1 . The 
angle 9 measures the relative numbers of D3-branes and Dl-branes and is defined as, 
cos# = N/\/N 2 + M 2 , where N is the number of D3-branes and M is the number of 
Dl-branes per unit co-dimension two-volume transverse to the Dl-branes. Also in the 
above p is the boost parameter and ro is the radius of the horizon of non-extremal or 
black (Dl, D3)-brane solution. 

Eq.flT]) represents the relativistic (Dl, D3) solution. The corresponding non-relativistic 
solution can be obtained by applying the standard procedure of the so-called Null Melvin 
Twist [25H28] or by taking a Penrose limit or a TsT transformation [ID] to the relativistic 
(Dl, D3) solution. The procedure of Null Melvin Twist generates a new solution in eight 
steps starting from the original relativistic solution. So, starting from the black (Dl, D3) 
bound state solution given in (pQ), we first apply boost along x 1 -direction, T-dualize the 



3 Note that the 5-form field strength must be made self-dual by adding the hodgc-dual *i r [5] with 
the -Fj 5 ] given above for JI| to be a solution of type IIB supergravity, although we have not written it 
explicitly. 
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boosted isometric x 1 -direction, twist a local one-form in a transverse compact direction, 
T-dualize back along x 1 , boost back along x 1 and then take a scaling limit. In the light- 
cone coordinates t = (x 1 + x°)/\/2, £ = (x 1 — x°)/\^2 the final solution takes the form, 



ds 2 = H ~ 



K 



{- (2r 2 /3 2 / + |) dt 2 - Ue + (! + /) dtdi) 



+ K ((dx 2 ) 2 + (dx 3 ) 2 ) 



2/ 2 



(3) 



Here X = 1 — (3 2 r 2 g(r) and gf(r) = — r 4 /r 4 . We have introduced a one form .A by dA = J, 
with J, the Kahler form on the complex projective space P 2 and dsp 2 is the metric on the 
complex projective space P 2 . The part of the metric (1/K)(dx + A) 2 + dsp 2 is the metric 
on the squashed 5-sphere with the squashing parameter K. The other fields are given as, 

F K 



e 2 * = ^ 2 |-|- 



B [2] = ^(d X + A)A[(l + f)dt+(l-m} + t -^dx 2 Adx 3 
1 

A\2\ = sin 6 coth (pdt A d£ 

9sF 

1 /^(ncw) . , .(new) . (new) . r R (new) 



- y B[-> A eL4^ - A™ A dBgf" j (4) 

where F^ d \ B^ d \ A^ are the various fields given in ([[]) and #fc e , A^jf^ are the 
fields given in 01]). The solution represented by and (Jl]) are the non-relativistic non- 
extremal (Dl, D3) solution of type IIB string theory. The extremal solution with the non- 
relativistic symmetry can be obtained from ([3]) and (jl]) by scaling ro — > and ip — >■ oo such 
that the product r^sinny? remains finite. Note that the parameter 0, appearing in the 
solution above can be scaled away in the extremal case by scaling the t and £ coordinates 
appropriately. However, this can not be done for the non-extremal case and in this case 
(3 is a physical parameter related to the chemical potential of the boundary theory [26J. 

The non- commutative Yang-Mills (NCYM) decoupling limit [301131] is a low energy 
limit by which we zoom into the region, 

r < r ~ r sinh 5 (p cos 3 6 <C r sinh 5 (p (5) 

Note that in this region ip is very large, whereas, the angle 9 is very close to tt/2. In this 
approximation, 

_ r 4 sinhV _ 1 = _A_ fm 

r 4 ' F ~ cos 2 5(1 + a 4 r 4 ) cos 2 5 1 ; 
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where, 



h 



with a 



1 



(7) 



1 + a 4 r 4 ' r 4 sinh 2 (p cos 2 9 

Note that in the NCYM limit, the asymptotic value of B 2 z component (from (JH) we find 
that this is tan 9) responsible for creating non-commutativity takes a very large value as 
9 — > 7r/2. Now with the above approximation ([6]), the metric in ([3]) takes the form, 



ds 2 



111 
R^K 



2r 2 f3 2 f + ^j de- 9 -de + {l + f)dtdt} 



+hK ((dx 2 ) 2 + (dx 3 ) 2 )] + 



R 2 



f- x dr 2 + r 2 — (d X + A) 



K 



dsp2 



where R 2 = r 2 sinh<yj and we have rescaled the coordinates x 2,3 as x 2,3 — > cos9x 2 ' 3 . Due 
to the large magnetic or I?-field in x 2,3 -directions, they satisfy the non-commutativity 
relation [x 2 ,x 3 ] = iQ, where is the non-commutativity parameter. Similarly the other 
field^ 4 ) in (jl]) can also be rewritten using ()6]), and this will be the holographic dual of 
non-relativistic NCYM theory. Note that since for the non-relativistic case /3 is a physical 
parameter, by setting /3 to zero, we recover the near horizon metric of the relativistic 
non-extremal (Dl, D3) solution. However, for the extremal case, (3 can not be put to 
zero, but should be scaled away before recovering the relativistic limit. 



3 Drag force in hot non-relativistic NCYM plasma 



Now in order to compute the drag forcej on an external quark it is convenient to write 
the metric (IE]) in the original coordinate [H] £—»•(£ — £)/ \/2 and £—>•(£ + £)/ V% as, 



ds 2 = ^[{-(l + r 2 f3 2 )fdt 2 +(l-r 2 ( 3 2 f)de + 2r 2 (3 2 fdtdt} 



R 



■2 



+hK ((dx 2 ) 2 + (dx 3 ) 2 )] + — 



t x dr 2 + r 2 ( (d X + Af + ds 2 p2 



(9) 



It is clear from that by putting (3 to zero we recover the relativistic limit as expected. 
Now the dynamics of an external quark moving in this background can be understood 
from the Nambu-Goto action of the fuandamental string given as, 



S = -— / drda^/-det(g ab ) (10) 



4 Since we do not need the other fields in what follows we will not write them explicitly here. 
5 Drag force in various other backgrounds have been calculated earlier in [4TH46] . 
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where g a b is the induced metric on the world-sheet of the fundamental string in the 
background (jSJ) and is given as, 



_ dX»dX u 

9 ab ~ Qta Q£b 



where G^ v is the background metric ([9]) and £ a,b , a, b = 0, 1 are the world-sheet coordinates 
r = £° and a = £ 1 . We now use the static gauge condition X° = t = t and r = a. The 
end point of the string is allowed to move along one of the non- commutative directions 
X 2 = x (say). Then the string embedding is completely specified by the function x(t,r). 
The action (imp then reduces to the form, 



S 



1 



271-a' 



dtdr 



(12) 



V re- 



Here 'overdot' and 'prime' on x denote the derivative with respect to T and 
spectively. Let us now make a simplifying and reasonable assumption that if we al- 
low a sufficiently long time the string will move with a constant velocity and therefore 
x(t, r) = v t + C( r )- Substituting this in ( fl2|) . the string action takes the form, 



S 



2na' 



dtdr 



2o2 



l + r 2 /3 



r 2 \ 2 l + r 2 p 2 



- 



R 2 



K 



hf{C? ~ jv 2 



(13) 



Since the Lagrangian density does not contain ( explicitly, the corresponding momentum 
must be conserved independent of both r and t and so, we have 



^hfC 



l+r 2 P 2 
K 



+ (£) 



l+r 2 /3 2 



K 



hf (C)' 



h v 2 



const, independent of r,t (14) 



Solving this equation we obtain, 



c 



R A 



^l + r 2 (3 2 hf\ 



f WP 2 _ ,,2 
h K u 

f l+r 2 P 2 n C R4 



(15) 



h K 



r 4 h 2 



Now notice in ffl5|) that as r varies from r to oo, both the numerator and the denominator 
inside the square root change sign. So, at some r, the expression for (' can become 
imaginary when they have opposite signs. Therefore, the solution ( fl5l) is not always 
physically acceptable. To get the physical solution we have to choose the constant tt^ 
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suitably such that both the numerator and the denominator in the square root change 
the sign at the same place r v (say). This fixes the constant in the form, 



2 2 

ri v ri 



H i? 2 (l + a 4 r 4 ) r 2 sinh^(l + a 4 r 4 ) ^ 16 ^ 
where r v is the solution of the equation given by, 

(1 + rlf) [oV« + (1 - aX - v"y v - 4] + v 2 (3 2 rl (r* - r 4 ) = (17) 

We can substitute the value of tt^ from (TIB]) to (|T5l) and integrate to obtain the complete 
string dynamics. In principle this is possible, but in practice, the difficulty is that the 
eq. ffTT|) is a polynomial equation in r v of degree ten and in general it is not always possible 
to solve it analytically. Even if this is possible it is not always guaranteed that the eq. ffT5]) 
can be integrated in a closed form. However, we can formally write down the expression 
of the drag force from (1T6]) as, 

I r 2 v I r 2 v , 



2na'R 2 (1 + a 4 r 4 ) 2 7ra' r 2 sinh <p(l + a 4 r 4 ) v ' 

Note that by solving r v from eq.f U7p . we can express the drag force f|T8|) in terms of r , 
sinh ip, v , (3, a and a', the parameters of the string theory or gravity side. Later we will 
express the drag force expression in terms of the parameters of the boundary gauge theory 
or non-relativistic NCYM theory. Let us mention here that the parameter /3 is non-trivial 
and cannot be scaled away for non-relativistic theory and therefore we will call it the non- 
relativistic parameter and by setting it to zero, we can recover the relativistic limit. On 
the other hand the parameter a, is associated with the non-commutativity of the theory 
and by setting it to zero we can recover the commutative limit. The parameter a was 
defined before as a 4 r 4 = 1/ (sinh 2 cp cos 2 6). In the NCYM decoupling limit sinhy? ~ I /a' 
and cos# ~ a'/Q, where is the non-commutativity parameter given earlier and so, as 
a' — > 0, sinhy? ^> 1 and cos 6 — > as we mentioned earlier. Therefore, in this decoupling 
limit a 4 r 4 ~ 2 . So, a measures the non-commutativity as it is directly related to the 
non-commutativity parameter. 

In order to understand the drag force expression (fT8|) more concretely we make some 
observation from the r v equation given in ( IT71) . We note that for the relativistic ((3 = 0) 
and commutative (a = 0) case, we get from ( IT71) 

4 4 

v> = ^ (19) 
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It is therefore clear that as r v goes from tq to oo, v varies from to 1 as expected of a 
relativistic theory. On the other hand, for the commutative (a = 0) but non-relativistic 
(/3 7^ 0) case, we get from lITTj) . 



v 2 = (l + rOT(r, 4 -r 4 ) 
r 2 (r 2 + r 4 /3 2 ) 



In this case, as r v varies from r to oo, v varies from to oo, again this is as expected of a 
non-relativistic theory. Let us next consider the relativistic (j3 = 0) but non-commutative 
(a 7^ 0) case. We find from (IT7|) . 

^ = (^ 4 -r 4 )(a 4 r 4 + l) 

Here we notice that for r„ = ro, t> = 0. But since the maximum value t> can take for a 
relativistic theory is 1, r v can not be arbitrarily large. We can calculate the value of r v , 
when v — 1 from eq. fl21l) and we find (for large and small non-commutativity) 

a 4 r 4 = a 4 r 4 + 1 - — r + • • ■ , when ar > 1 (22) 

gptq 

a 4 r 4 = a 2 rl + -a 4 r 4 + " ' > when ar 1 (23) 

So, for large non-commutativity is close to r , but for small non-commutativity r v is 
far away from r . Finally, we consider both non-relativistic ((3 ^ 0) and non-commutative 
(a 0) case. We find from (TTTj) . 

^2 = (l + rOT(r 4 -r 4 )(a 4 r 4 + l) (24) 
r 2 (r2 + r 4 ^ 2 ) 

Here also we note that as r v starts from r , v starts from 0. We just mentioned that r v 
can not take arbitrary large value when o ^ 0, for v to remain less than or equal to 1 
(for the relativistic theory). However, we will see that even when (5 ^ (i.e. for the non- 
relativistic theory) r v can not take arbitrary large value. The reason is that if r v exceeds 
the value obtained for the relativistic case given in eqs.( l22|) . ( 1231) . then v will exceed one 
when we put (3 = and this will be unphysical for a relativistic theory. Therefore, we will 
use the values of r v given in (122]) and (|23|) to determine v when (3 ^ 0. It can be checked 
from fl2l]) that for ar^ <C 1, v can be much larger, i.e., w>l (showing the non-relativistic 
nature of the theory), but for ar ^> 1, the maximum value of v is of the order 1. Indeed 
it can be checked from (1221 and (12^1) that the value of v is given by, 



r 2 B 2 1 
- 2 = 1 + -T-TTT^-^ + O(-or) (25) 



a 4 r 4 (1 + r 2 /3 2 ) Vrg' 
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So, for a 4 r 4 3> 1, the velocity of the quark v is close to 1 (but the velocity is always greater 
than 1) as we see from (125]) . So, we will analyse the general r v equation (TTTT) and the drag 
force ( 1181) in four different cases, namely, (i) n < 1, ar <C 1, (ii) w < 1, ar ^> 1, (Hi) 
v ^> 1, ar <C 1, and (zt>) t> ~ 1, ar 1. 

(i) d < 1, ar -C 1. In this case ffTT]) can be solved to obtain r„ in the following form, 



a 4 r 4 = a 4 r 4 (l + v 2 + v A ) - a 8 r 8 v 2 (l + v 2 ) + ■ 
Substituting this in (flBl) we obtain 



1 V 2 



(l + \v 2 ) - (1 + 2v 2 ) aX + 



(26) 



(27) 



This matches exactly with those given in refs. [HJII9] with v <C 1 as it should be in this 
approximation. 

(ii) v <C 1, aro ^> 1. In this case by solving ( flTl) we obtain r„ in the form, 

.,,2 



4 4 4 4 

a r,= a r n 



1 + 



a 4 r 4 



+ 



(2? 



Substituting this is (118]) we obtain, 

F = 



1 V 



lira' i? 2 a 4 r 4 



2a 4 r 4 



(29) 



This also matches with the drag force expression given in [i48,;49j with ?; C 1 as expected. 
(Hi) v ^> 1, ar <C 1. In this case we get from ([T7]) 



a V = a 2 r n 2 I 1 + 



2^2 



a r, 



+ ■ 



(30) 



Substituting these in ([18]) we get, 

1 u 



(, 2 + r 4 /3 4 ) (l - Jja 2 r 



2ira'R 2 /3 2 

(iv) v ~ 1, ar ^> 1. Eq. ffTT]) in this case gives, 

1 1 



(31) 



4 4 4 4 I i 

a r v = a r n | 1 + 



a 4 r 4 a 8 rn 



(32) 



Substituting this in ( [18]) we get, 

1 ^2_ l)(l+r 2 /3 2 ) 



2vra' i? 2 



£ 2 
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i-5 1 



2a 4 r 4 



+ 



(33) 



In eqs. pTD , (|29|) . (I3T]) and (|33|) we have given the drag force expressions in terms of the 
parameters of string or gravity theory. Now in order to understand the nature of the force 
in terms the boundary gauge theory, we have to relate the gravity parameters with the 
parameters of the non-relativistic NCYM theory. The temperature of the non-relativistic 
NCYM theory can be calculated from the Hawking temperature of the non-extremal 
decoupled gravity configuration given in (Q and has the form, 

T = 1— (34) 

titq sinn (p 

Also from the charge of the D3-brane we can calculate, 

r 4 sinhV = 2AV 2 , (35) 

where A = #y M iV, is the 't Hooft coupling of the non-relativistic NCYM theory, qym is 
the NCYM coupling and N is the number of D3-branes and is related to the gauge group 
SU(N) of the gauge theory. The 't Hooft parameter A is related to the corresponding 
parameter of ordinary YM theory by the scaling of the form, A = (a'/0)A, where G is 
the non-commutativity parameter [30,131]. Now using ( 1341) and ( 1351) we get, 

sinh <p= 1 , r =\f2\nTa\ and, a 4 r 4 = 2Avr 4 T 4 e 2 (36) 

V2A7r 2 T 2 a' 

In obtaining the last expression we have used a A r^ = 1/ (sinh 2 cp cos 2 9) and cos 9 = a'/Q. 
Using ( |36l) we will express the drag force given earlier in ( |27l) . ( |29l) . ( l311 . ( l33l) for various 
cases in the leading order in terms of the non-relativistic NCYM theory. 
In the first case (i) u < 1, ar < 1, we get 



F = _j9ml 1 a* v (37) 

We can formally express the above expression ( 157)) in terms of the momentum p and mass 
m of the external quark and integrate to find [3"2l H7] . 



p(t) = p(0)e T y 2 m , where p(0) <C m (3i 



The corresponding energy will be given as, 



E(t) = E(0)e~ 7r v /2 9?'A/^^* ) w here E(0) < m/2 (39) 

The expression of drag force for the case (ii) w < 1, ar ^> 1 can be written using 
361) in the leading order as, 

(40) 
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The momentum and energy can be obtained as before and have the forms, 



p(t) = p(0)e ** 3 ™ t W 2 ~°ym™ 2 , w here p(0) < m (41) 



£(t) = £(0)e - 3mT V 2 ^M^ 2 ; w here £(0) < m/2 (42) 

In the above two cases when d< 1, that is, when the momentum or energy is much 
less than the quark mass, the quark will lose its momentum or energy exponentially. The 
relaxation times are different in the two different cases and depend on whether the non- 
commutativity is small or large. For small non-commutativity the relaxation time does 
not depend on the non-commutativity parameter in the leading order, but depend directly 
on the mass of the quark and inversely on the square of the temperature as well as the 
square-root of the 't Hooft coupling. On the other hand, for large non-commutativity, the 
dependence on the temperature and the 't Hooft coupling get inverted, but the dependence 
on the mass remains the same. Also, in this case, the relaxation time depends directly 
on the square of the non-commutativity parameter. So, for small non-commutativity the 
non- commutative effect does not show up in the leading order, but it does show up in the 
leading order for large non-commutativity. 

Similarly, for case (Hi) u>l, aro <C 1 using ( 136]) the expression of drag force in the 
leading order has the form 

F = : V (43) 

where we have defined l/((3a') = fi, the chemical potential of the non-relativistic NCYM 
theory. The momentum and the energy in this case have the forms, 



pit) 



E(t) 



1 tu 
+ 



2 



p(0) 2 irm^^^N 



I 2t/i z 



where p(0) ^> m (44) 



where E(0) > m/2 (45) 



E(0) 7 rm 2 v ^^V_ 

In this case the momentum or the energy loss does not depend on the temperature [17] 
unlike in the previous two cases. The momentum (or the energy) loss depends directly on 
the square of the chemical potential and inversely on the cube (square) of the quark mass 
and the square-root of the 't Hooft coupling. With time they do not decay exponentially 
as in the previous cases, but the momentum goes as t -1 / 2 , whereas the energy goes as t -1 . 

Finally, the drag force expression for case (iv) v ~ 1, ar ^> 1 can be written using 
( |36l) in the leading order as, 



F = —\l %^7rT 2 C(^ M iV, /i, T)(v* - v) (46) 
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where 



C(g* M N,»,T) 



^ + 2^g YM NT 



(47) 



2^g 2 YM NT 2 

with fi being the chemical potential defined before. Note that the function C tends 
to unity when // 2 <C 2ix 2 g YM NT 2 . Also note that when /i 2 3> 2ir 2 g YM NT 2 , the force 
expression is independent of temperature. The momentum and energy in this case have 
the forms, 



p(t) = m 



m 



p 2 (0) 



-M-C{g YM N,^T)t 



, where p(0) ~ m (48) 



2E(0)J 



■-M-C(s YM N^T)t 



m 



, where E(0) ~ —(49) 
2 



In this case since v ~ 1, both the momentum and the energy loss is very small due to 
large non-commutative effects. 



4 Conclusion 

To summarize, in this paper we have considered the non-extremal (Dl, D3) bound state 
solution of type IIB string theory. In a particular decoupling limit this supergravity 
configuration is known to describe the holographic dual of relativistic NCYM theory 
at finite temperature with space-space non-commutativity. By applying the standard 
technique of Null Melvin Twist we have obtained the non-relativistic version of non- 
extremal (Dl, D3) bound state system. The same decoupling limit in this case, describes 
the holographic dual of the non-relativistic NCYM theory at finite temperature with 
space-space non-commutativity. We have computed the drag force on a quark moving 
through such plasma and along one of the non- commutative directions, by using the 
AdS/CFT correspondence and the string probe approach. We first computed the drag 
force in terms of the parameters of the gravity theory and then using the AdS/CFT 
dictionary expressed it in terms of the parameters of the gauge theory. We found that 
the general drag force expression can not be written in a closed form. So, to show the 
various effects we have considered the various corners of the solution space and obtained 
the drag force expressions in the leading order. We also formally integrated the drag force 
expression to obtain the momentum as well as the energy loss of the quark in various 
limits. In particular, we have shown that when the velocity of the quark is small, it 
loses its energy exponentially with time. The relaxation times are expressed in terms 
of the parameters of the NCYM theory. When the non- commutative effect is large, the 
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relaxation time depends explicitly on the non-commutativity parameter. We also found 
that the velocity could be very large when the non-commutative effect is small. In that 
case the quark loses its energy as inverse power of time. Also the energy loss does not 
depend on the temperature of the theory unlike in other cases. Finally, we found that 
when the non- commutative effect is large the velocity can not be arbitrarily large but 
must be of the order 1. In this case, the energy loss of the quark is very small due to the 
large non-commutativity. 
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